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SUMMARY

This final report on Contract F30602-80-C-0042 summar-
izes the AIL investigation to determine and demonstrate suitable
algorithms and corresponding computer software in order to pro-
vide open-loop adaptive control of the Microwave Transversal
Equalizer (MTE) pfeviously developed by AIL under Contract F3062-
78-€-0352.

The program task objectives have been successfully accomp-
Tished by AIL with the application of Fast Fourier Transform (FFT)
tachniques to provide an algorithm programmed on the RADC HP 2100A
computer. This procedure will ultimately be utilized to determine
the MTE amplitude and time delay adjustments necessary to equalize
the distortion introduced by an arbitrary network in series with
the equalizer.

Verification of the developed FFT and associated software
program was accomplished at AIL with a DEC-20 computer using
artificially generated simulated time sidelobe distortion typical
of the expected range of levels. Translation of the algorithm
from the DEC-20 computer format to the HP 2100A computer format
has been completed, and verification of the software program using

RADC I and Q data is underway. Preliminary data suggests that the

program translation task has been successfully accompliished by AIL.

It is expected that optimal data acquisition techniques and/or
preferred computer interface procedures will be defined as a

result of related post-delivery activities at RADC.

iii

N T L A Y KAy Ve v e . @




ACKNOWLEDGEMENTS

The authors wish to express their appreciation for

the technical direction of J. Polniaszek and W. Peterson of

RADC, Griffiss Air Force Base, Rome, New York,.

iv

— e .
T e e

L P NOCNS




KU SR, B e

5.
Appendix 1
Appendix 2

TABLE OF CONTENTS

Introduction

MTE Technical Discussion

2.1

2.2

Paired Echo Theory and Distortion
Considerations

2.1.1 Paired Echo Theory
2.1.2 Use of Paired Echo Theory

Microwave Transversal Equalizer Operation

Algorithm Development

3.1
3.2
3.3
3.4

Input Format

Qutput Format

FFT Algorithm

FFT Illustrative Examples
3.4.1 Lowpass Filter
3.4.2 A Differentiator
3.4.3 Hilbert Transformer

3.4.4 Equalizer for an Arbitrary Function

Control Program

4.1
4.2
4.3
4.4
4.5

Flow Chart

Program Implementation
Computer Subroutines
Computer Program Listing

Computer Software Verification

Conclusions and Recommendations

Sample Computer Run with Input Data

Program to Generate Test Data

4-1
4-5
4-9
4-25 :
5-1




3-10

4-1

LIST OF ILLUSTRATIONS

Time Sidelobe Distortion

Time Domain Output of Microwave Transversal
Equalizer

Measurement Setup

Gain and Phase Response (General Case-Asymmetric)
Ideal Response of a Lowpass Filter

Lowpass Filter Response (17 Taps) Direct Truncation
Lowpass Filter Response (25 Taps) Directed Truncation
17-Tap Lowpass Filter with Window

Differentiator Response (17 Taps) (Direct Truncation)
17-Tap Differentiator Response with Window

Response of a 17 Tap Hilbert Transformer
(Example 3)

17 Tap Equalizer Response with an Arbitrary
I(jw) and Q(jw)

Program Flow Chart

vi

e e —— s . .
o Tt s MY 1 Tt vt T,

3-4
3-8
3-9
3-1
3-12
3-13
3-15
3-16
3-18

3-19

4-2




1. INTRODUCTION

The objective of Contract F30602-80-C-0042 is to develop
an algorithm, and relevant computer software programming for the
RADC HP 2100A computer, to facilitate open-loop control of the
MTE in order to minimize time sidelobe distortion. The result-
ant algorithm using FFT techniques and associated programming

has been validated with artificially generated simulated distor-

tion data using the AIL DEC-20 computer and the HP 2100A computer

at RADC. A similar post-delivery validation effort will be con-
ducted by RADC personnel using real-time distortion data and tne
HP 2100A computer.

Section 2.0 wil) contain a brief discussion of MTE opera-
tional fundamentals in order to establish an inter-relationship
with the algorithm development program. Section 3.0 will pre-
sent a detailed treatment of the FFT techniques applied to
algorithm development for the MTE. Section 4.0 will discuss
the resultant computer program including applicable operating
and test procedures. Finally, Section 5.0 will present con-
clusions and recommendations for a logical continuation of

effort required to provide closed-loop operation of the MTE.
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2. MTE TECHNICAL DISCUSSION

A discussion of distortion considerations and the funda-
mentals of the MTE operation are presented in order to provide
the technical basis for computer control and adaptive equaliza-
tion of resultant time sidelobe distortion. A detailed descrip-
tion of the MTE, including operating procedures, is included in
Final Report RADC-TR-80-121 of 31 January 1980 titled "Microwave

Transversal Equalizer".

2.1 PAIRED ECHO THEOQORY AND DISTORTION CONSIDERATIONS

Algorithms for determining the settings of attenuation
and phase for each loop of a transversal equalizer rely heavily
on the paired echo concept. Accordingly, a brief review of this
theory is given below stressing its applicability to the present

pregram.

2.1.1 Paired Echo Theory

The paired echo concept and its application to the
design of a transveral equalizer (MTE) was described in Ref. 1.
It should be noted that this work was supported by RADC. This
paper also gives a bibliography of prior work on non-microwave
MTE's and the now classic reference on Chirp radar by Klander,
et al. The latter emphasized the use of paired echo theory to
predict time sidelobe levels in Chirp radars. The essential

aspects of the paired echo theory are summarized below.

Ref. 1 - J.J. Taub and G.P. Kurpis, "Microwave Transversal Equal-
jzer", Microwave Journal, 1969.
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Signals which can be characterized by a time function
of its Fourier transform (amplitude and phase vs frequency func-
tions), are subject to distortion when propagating through a micro-
wave component or a system of microwave components (such as a Chirp
radar). This distortion occurs because the system's transfer func-
tion possesses neither perfectly constant gain nor perfectly linear
phase over the spectrum of the signal.

We typically represent the transfer function in the fre-
quency domain and need to predict its effect on time domain dis-
tortion. By using the paired theory we can make relatively quick
conversions between the frequency domain and the time domain and
vice versa.

The system transfer function, or frequency response, of

an aribtrary system can be defined as:
H(w) = A(w) edB(®) (2-1)

where A and B are respective gain and phase functions defined in
Reference 1.

We must now assume that the signal transmitted through
the system has spectral components that are band limited. This
is a safe assumption for most systems. For example, in many radar
applications the signal's specfrum is confined to the electronic
bandwidth of the final power amplifier. Within a band limit of
wo to w_ we can rigorously represent the A and B functions as

b
Fourier series:

2-2

M N e Wl e i

e




N a]
Aly) = a, JV+ T g cos (nw'e) + P
n=1 © -
and N '
B(w) = byw'+ L b sin (nw'e + y ) + K
n=1
where:
w' = ow- W,
N ) w2+ wh
0 2
27
e = =
Yo%

In a distertionless network A(w) = a, and B(w) =

Hence the remaining terms contribute to distortion. This

representation leads to the time domain response including

distortion and so that for a band limited signal

v

vi(g) and its time function equivalent Vi(t) we obtain

Vo(t) = a Vi

o (T + bo) + a

o (t+bo - ne)

(t+b0 +ne)

where Vo(t) is the output time function and the constants En

E,. represent echo or time sidelobe amplitude levels.
are related to the Fourier distortion coefficients

(2-2) and (2-3).For the case where P, and v =

2-3

by

W 1

+

These leveals
in equations

0 they reduce to

(2-4)

(2-3)

and




=1
+
PN =

a
__ﬂ.+b)
% n (2-5)
4
En- "2 {7 - by
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A typical example of a distorted microwave pulse is given

l_a

in Figure 2-1. The echoes are clearly displayed. This analysis
desmonstrates that a frequency domain transfer function can be
represented by a Fourier series which enables rapid calculation
of the time domain response. Conversely, a measurement of the
time domain response which yields sidelobe levels can be used to
rapidly calculate the a and b coefficients thereby yielding the
frequency domain transfer function. The MTE settings cancel
distortion by injecting equal and opposite echoes in cascade

with the system.

2.1.2 Use of Paired Echo Theory

Since the MTE design and adjustment procedures are based
on cancelling distortion echoes, algorithms can be developed by
taking either frequency domain (I and Q data ) measurements or
time domain responses (time sidelobe levels in dB3) and convert-
ing them into the necessary MTE loop attenuation and phase set-
tings to produce cancelling echoes. The key point of this dis-
cussion is that use of paired echo theory simplifies computation
and therefore significantly reduces computer time. Furthermore
it provides the flexibility to work with either frequency or
time domain data. In this program the actual procedure used

was to use I and Q data (frequency domain measurements).

2-4
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2.2 MICROWAVE TRANSVERAL EQUALIZER OQPERATION

The MTE has been designed by AIL to cancel the para-
sitic time sidelobes caused by distortion, by generating its
own artificial equalizer sidelobes, whose envelopes are prop-
erly delayed (or advanced) to coincide in time with the para- .
sitic sidelobes. In addition, the amplitude and phase of each
artificial sidelobe can be separately adjusted to produce an
equal amplitude phase reversed replica of the corresponding
parasitic sidelobe. \

Generation of the equalizer echoes is accomplished
by tapping off portions of energy from the main signal lobe
on the main transmission path, directing these portions through
properly adjusted delay lines and reintroducing the delayed
signal portions back into the main transmission path with
proper amplitudes and polarity. The time domain output
response of an ideal MTE is shown in Figure 2-2. It should
be noted however that the actual response will consist of a
train of echoes with decreasing amplitudes (0.75 dB/tap) due
to the insertion loss of the mainline tapped delay elements.

A correction for the aforementioned MTE echo transfer char-
acteristics will be necessary in order to achieve the desired
tap attenuator setting with adaptive closed loop operation

(computer controlled).

2-6
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The MTE consists of four cascade connected microwave
integrated circuit mainlines and 32 secondary lines for the
purpose of generating a train of 8 pre- and post-mainlobe echoes
(16 total). A 3.3 nsec time delay between echoes of each train
is provided.* The amplitude level and time delay of the selected
16 of the 32 possible echoes are individually adjusted with the
PIN diode variable attenuator (electronically controlled), a
line stretcher variable delay (mechanically controlled), included
in each secondary line. The remaining 16 echo taps are terminated,
however these taps are available for use as required.

It should be noted that the transfer characteristics of
each of the 16 variable attenuators, as well as the 16 variable
solid state time delay units {when they are developed) are required

to properly achieve adaptive MTE control.

*Compatible with a 300 MHz bandwidth.
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3. ALGORITHH DEVELOPMENT
An algorithm has been developed using FFT techniques
to provide open loop control of the MTE. The technigue will
be described in terms of the relevant input and output formats,

as well as the FFT algorithm.

3.1 INPUT FORMAT

The input to the FFT consists of a.set of complex correl-
ations as a function of frequency. These samples can be expressed
by

H(Jws) = T (w;) + 30(u;) (3-1)

where th
W5 is the i frequency

I(“i) is the in-phase frequency response

Q(wi) is the quad-phase frequency response

For the problem at hand, the following frequencies are considered:

wy = 2m [fL + (i-1) Af), i = 1,2,...., 256 (3-2)
where
fL = 3.1 GHz
Af = 1.17647MHz = 1.18 MHz

The last freguency is found by setting i = 256; that is,

f = 3.1 + 255 x 1.18 x 1073 = 3.4 GHz

As a result, a total of 255 pairs of measurement data are involved
for a bandwidth of 300 MHz as shown in the format presented in

Table 3-1.




TABLE 3-1. TAPE FORMAT FOR THE FREQUENCY RESPONSE

Word Index Notation Frequency
] I(jwl) 3.1 GH:z
- ,2 Q(Jw]) 3.1 GHz
4 Q(jwz) 3.1 + Af
0 0 0
0 0 0
0 0 0
j o+ At
509 I(J“’zss-) 3.1 + 254
jw,, 1+ 254 Af
510 Q(J‘“zss) 3 54 4
511 I{jw ng 3.4 GHz
512 Q(Jw 554 3.4 GHz
Note:
3.4 - 3.1
1. Af = =2— =" = MHz
255 5 10-3 1.18
2. Each word is represented by 8 bits in binary 2's complemert

notation; i.e.:

-128 < I,Q < + 127

The above representation defines the formula transforma-

tion required from the input medium to the computer.

3-2
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The input samples are represented by
an 8 bit binary two's complement notation. Thus, a word is
defined to be 8 bit with the value of the word ranged from 127

to -128. In floating point notation the value is ranged from

127/128 = 0.992188 to
-128/128 = -1
3.2 QUTPUT FORMAT

The output of the FFT consists of a set of Nt = 17
complex MTE tap coefficients which represents a truncated Fourier
series representation of the equalizer transfer function. The
total number of relative equalizer taps is sixteen with the center
tap (number 9) taken as the reference tap.

The output tap coefficient will be presented by decimal
representation with the absolute magnitude of the tap less than
unity, that is: -1 < Ci <1 for i = 1,2,...17 and phase angle is
expressed in degree units.

Further data format transformation will be needed to

match the exact setting on the MTE attenuator dial.

3.3 FFT ALGORITHM

Consider agdin the measured frequency response of a net-

work with a transfer function H(jmi). The measurement can be func-

tionally described by the block diagram shown in Figure 3-1. The
input signal to the device can be written as
X;(t) = Ajcos (w;t + 9 ) (3-3)

3-3
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where

is the ith

in-band frequency
Qo is the input phase angle

A is the amplitude of the signal

The response of the network is

Yi(t) = Bi cos (wit + Qi) (3-4)
where
Oi is the corresponding phase angle for the ith signal
Bi is the corresponding amplitude for the ith signal

The quadrature hybrid is used to generate the in-phase and the

quad-phase components:

. 1 T -
I(Jui) =7 é A.Bi cos (wit+ﬂo) cos (wit+gi) dt (3-5)
and

1 T
Q(jmi) = 7 é A.Bi sin (mjt+¢0) cos (wit+91) dt (3-6)

where T is defined as the correlation time. The correlator output

can be reduced to

AB .

I(juj) = —— cos (8,-8,) (3-7)
AB,

Qjwg) = —— sin (8,-6;) (3-8)

The gain and phase response as a function of freguency can be

expressed by

. /32 a2 _A .
6, = /18t <%, (3-9)
8. = tan”! (91) + 9 (3-10)
j Ii o)
3-5
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where the short hand notation is adapted; that is
I; = I(Juy) and Q; = Q(Juw;)

Since A and oo are not a function of frequency, these measurement
data represent the transfer function H(jwi). The impulse response

h(nT) can be found by discrete Fourier transform method.

A few assumptions will be made such that the Fourier series

approach can be applied:

(1) Signals passing through the network will be bandlimited to
300 MHz. To provide equalization over this bandwidth requires

a corresponding time delay. This defines the delay between taps

to be:

Tt s 1 = 3.33 nsec

H 'L 300 x {56

(2) Since any digital filter spectrum to be realized will be
made periodic of period fs, then the spectrum can be

represented by a Fourier series:

[ -}

H(jw) ; T ¢ exp (jkwT) (3-11)
where c, is the k*" Fourier coefficient defined by
“s
¢ "= % H(ju) exp (-ikuT) du (3-12)
S w
- S
3

Generally, if the gain response is an even function and the phase
response is an odd function, that is
6(jw) = G(-Jjw) (3-13)
0(jw) = -0(-jw) (3-14)

3-6
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then the resultant coefficients will be real. Note that these

requirements that G(jw) and 6(jw) be even and odd respectively,

lead to similar requirements that the in-phase and the quadrature-phase

components to be even and odd, respectively. 1In practice, however,
these symmetries cannot be assumed as shown in Figure 3-2. As a

result, the coefficients will be complex; that is:

Cy © ak + ] bk, k = 1,2,..... , 17 (3-15)
where
_ .2 2
9, = / a, + bk (3-16)
_ -1
Qk = tan (bk/ak) (3-17)

To achieve a set of real equalizer coefficients usually

means to double the upper frequency bound of the signal samples (ws).

When the upper frequency is doubled, the second half of the spectrum
is copied from the original bandwidth with the proper polarity
attached. Examples to illustrate these properties will be presented

in the next section.

3.4 FFT ILLUSTRATIVE EXAMPLES

A few examples illustrates the Fourier transform approach

to well defined H(jw) will be given in this section.

3.4.1 Lowpass Filter

Figure 3-3 shows a specification for a lowpass transfer
function with cutoff frequency set at 0.5 rad/sec and the upper fre-

quency bound (ws) set at 2 rad/sec. The spectrum between ws/2 to

3-7
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(a) GAIN SPECTRUM

8(Jw)

/

(b) PHASE SPECTRUM

FIGURE 3-2.  GAIN AND PHASE RESPONSE (GENERAL CASE - ASYMMETRIC)
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I(jw)
! |
1 ;
|
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W, = 2 RAD/SEC
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Q(jw) = G FOR ALL w

FIGURE 3-3.  IDEAL RESPONSE OF A LOWPASS FILTER
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W is duplicated to provide an even function for the in-phase

response I{jw). The quad-phase response is set to zero.

The Fourier coefficients can be readily found to be

-.1.__.' 2 -
Cp = 3 sin (kq)y K N, -N+1,...N

m (3-18)
k # 0 and N = 8

and Co = 0.5.

For the case N = 8, or 17-tap equalizer the response of

the network can be plotted as shown in Figqure 3-4.

Generally, the performance of such a filter indicates

a passband ripple of 0.75 dB and a stopband rejection of approxi-

mately -20 dB. Direct truncation of the Fourier series leads to

the well-known Gibbs phenomenon. The ripple, in generaly, cannot

be reduced by simply including more taps as displayed by the 25

tap version shown in Figure 3-5.

The reduction of the passband ripple and stopband attenu-
ation is later approached by finding a time-limited function whose
Fourier transform best approximates a bandlimited function. This
. approach leads to the well-known Kaiser window expressed by:

r, 8/ - (m)?)
, w(K) = I (3 TN <ko<H

i where B is a constant (1 < 8 < 10)

Io is the modified Bessel function of order zero

N is half the number of taps

The constant g can be determined experimentally. Figure 3-6 shows

the same 17 taps frequency response with Kaisier window. The

| 3-10
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passband ripple is essentially vanished and the stopband rejec-
tion is reduced from -20 dB to -38 dB, Note that the windowing
operation i1s a proper scale function applied to the impulse
response of the filter. ‘It does not change the hardware con-

figuration of the filter.

3.4.2 A Differentiator

The response of a differentiator can be written by

the equation

H(jw) = jw, for “w /2 < w < ws/Z

This 1s the case that the in-phase response is zero and the quad-
phase is an odd function. As a result, the coefficient (or the

ifmpulse response) is real and odd functions; that is,

2 3
= o S 2 wsin (kuT) dw

= f w sin (kwT) dw where T = A T,
0 W s

- . cos(km) K
km '
k

'N, -N+], '],]’..-N

0

where k = 0, Co = Q.

Figure 3-7 is the response of the filter with 17 taps and Figure
3-8 is the response with Kaiser window. The parameter R for the

Kaiser window is set to 3 to reduce the ripple due to direct

truncation of the Fourier series at N = §.
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3

.4.3 Hilbert Transformer

The frequency response of a Hilbert transformer can
be defined as
H(jw) = g ~§a 02w < w /2
w

. S
zJ’ 2__<_U)<ws

The discrete Fourier transform can be expresseﬁ by the impulse

response

-
h(n) = S E%%?§%§L§l n#0

? 0 n =20

The comparison between a 17 tap filter and the ideal transform is

shown in Figure 3-9.

3.4.4 Equalizer for an Arbitrary Function

The transfer function of an arbitrary frequency response
H{jw) = I(jw) + Q(jw)
over the band of interest is considered. Since the samples are
not symmetrical in any sense, the resulting tap coefficients will
be complex and asymmetrical. The matching of the ideal versus
17 tap equalizer is plotted in Figure 3-10 and the resulting com-
plex taps are tabulated in Table 3-2. Note that the equalizer taps

are complex:
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and the gain and phase adjustment can be found by the transforma-

tion
. 2 2
9, 10 x log (Xk * Y, )
= -]
ﬂk tan (Yk/Xk)

TABLE 3-2. RESULTING EQUALIZER TAPS

1 0.438043 -0.036516
2 0.931036 0.043327
3 -0.092596 -0.064665
4 0.086571 -0.686610
5 -0.074379 -0.578472
6 0.132042 -0.643479
7 -0.213581 -0.047679
8 3.133260 0.643330
9 2.183238 4.936495
10 3.120918 0.712413
1" -0.187885 -0.225917
12 0.090602 0.764618
13 -0.032419 0.508859
14 -0.005370 0.732557
15 0.036480 0.031661
16 -0.890202 -0.018254
17 -0.468842 0.016737
3-20
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4. CONTROL PROGRAM

A Fast Fourier Transform (FFT) subroutine is employed
to calculate the set tap coefficients for the equalizer. The
equalizer taps are calculated in a recursive manner.

The input to the AMTE consists of a set of N complex
correlations as a function of frequency. These samples can be
expressed by the transfer function

H(jui) = I(wi) + Q(wi)’ 1= 1,2,....,N
th

where w. i1s the i

5 radian frequency, I(wi) is the in-phase

frequency response, and Q(wi) is the quad-phase frequency response,
and N is the total number of sample points.

The output of the AMTE is a set of N, equalizer taps.

t
For the system at hand Nt is set equal to 17. These complex tap
coefficients are obtained by a truncated Fourier series coeffic-
ients. The output tap coefficient will be presented by its mag-

nitude setting (in dB's) and phase setting in degrees.

4.1 FLOW CHART
A simplified flow chart of the main routine is shown

in Figure 4-1.

4.2 PROGRAM IMPLEMENTATION

The program is implemented on the RADC HP 2100, with
the operating system configured on 2/6/81. The steps to be
taken for execution of the program are:

After the 1ogs on the HP 2100, the system will return
the prompt sign ":", At this level, it is necessary to link
the compiled version of the program S$ZA::45. To link, one gives

the command:

nieentiiie




START .
ENTER TRUNCATE
MEASUREMENT _snl IMPULSE RESPONSE
(’* DATA TO 17 TERMS
SET UP (INPUT) (TAPCO)
PARAMETERS
(INTLZ) Y Y
¥ DATA FORMAT FUNCTION' ON THE
TRANSFORMATION
(AN 17 COEFFICIENTS
COMPUTE (KASER)
EQUALIZER !
SETTINGS 1 ! 4
(DIAL) |
CHANGE INTO CALCULATE ;
Y FFT FORMAT ATTENUATION (dB) |
A(N) AND PHASE (DEGREES) |
PRINT (FORM) (OUTPUT) ;
HEADINGS |
(HEAD) ) Y
CALCULATE CALCULATE
RECIPROCAL OF ATTENUATION (TURNS)
SAMPLE TRANSFER AND LINE STRETCHER ;
FUNCTION, 1/A(N) SETTINGS (DIVISIONS) !
(INT) (DIAL) |
Y Y }
DISPLAY i
PERFORM FFT ATTENUATION AND !
ON 1/A(N) LINE STRETCHER |
(FFT2C) SETTINGS |
(HEAD)
L |
DISTORTION '
*L« COMPENSATED OR

ITERATIONS
DONE ?

DISPLAY NUMBER OF ' A
ITERATIONS AND ;
WHETHER COMPENSATED |

i

FIGURE 4-1. PROGRAM FLOW CKART
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0fF, AIL <CR>
Then after computer responds with ":" then type
RU, LOADR, XX <CR>
where XX is the peripheral number of the user's
terminal (this may be optional) and <CR> is
the carriage return key
The computer responds by giving a prompt of "/LdADR:”. After this
prompt, the user types:
RE, . ZA <CR>
The computer then 1ists the main line and the subroutines and
functions called for by the user's program, 1in this case, $ZA::45
while 1inking them together. When the computer is through linkirg
these together, it comes back with another "/LOADR:". The user
should then type
/E <CR>
The computer than links and lists on the user's terminal as it is
linking, library routines and functions necessary for executing
the user's program. The computer then comes back with:
"XX PAGES RELQCATED" "XX PAGES REQ'D"
"NO PAGES EMA" "NO PAGES MSEG"
“/LOADR: XX READY AT XX (date, time)"
"LOADR: $END and it gives a ":" prompt
At the prompt, the user should run the program that
and linked, now called "AIL:. The command is:

"RU, AIL"™ <CR>

4-3
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The computer then outputs anv messages and data from
the program, as it is running.

be:

The sequence of output should

INITIAL SETTINGS AT STEP @ SHOULD BE...
ENTER THE FILE NAME

At this point, the user types in the name of the input

file (containing a distorted sinusoid, if created by ATI0 as des-

cribed), for example we could use AD@@P, one input file from AT10;

to use ADPOAQ@ one types "ADPPQ" (return)

after the message "ENTER THE FILE NAME".
The computer then prints out this message:

INTERMEDIATE SETTINGS AT STEP 1 ARE:

The computer then prints out the attenuator and the line

stretcher values for the equalizer, then continues.

If the distortion has not been compensated in the first

iteration, the program goes back to subroutine INPUT. The program

repeats this loop 10 times, or until the distortion is less than a

threshold set to be -45 dB, whichever comes first. When the pro-

gram reaches the point of exiting the loop, it prints out either:

"AFTER 10 ITERATIONS DISTORTION CANNOT BE COMPENSATED"
or:

"DISTORTION COMPENSATED AFTER XX ITERATIONS"
then:

“"AIL: STOP"

The computer then returns to the system level, and the user can

perform other tasks, or sign off.
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A sample run of the program implemented with input

data is contained in Appendix 1.

4.3 COMPUTER SUBROUTINES

The following discussion includes the entry points,

input arguments and output arguments of each subroutine in the

AMTE program, and what the subroutines or functions accomplish.

1: Subroutine INTLZ (DMY1, DMY2, N, NTAP, BETA, I10, IO, KSW)
initializes constants and arrays.
Input: None

Cutput: DMY1, DMY2, N, BETA, IO, KSW

DMY1 A Initial attenuator (dB) setting

oMy 2 B3 Initial phase (degrees) setting

N Number of points to be transformed

NTAP Number of taps

BETA Constant used in KASER subroutine

10 Output device number

KSu Format Flag
KSW = 0: the data is expressed in decimal form
KSW = 1: the data is expressed in octal form

110 Input device number (mag tape drive)

2: Subroutine DIAL (NTAP, DMY1, DMY2, X, Y)

This subroutine calculates attenuator and line stretcher settings.

Input: NTAP, DMY1, DMY2

DMY1, DMY2 - updated attenuation (dB) and phase (degrees)

Qutput: X, Y
X updated line stretcher (division) settings

Y updated attenuation (dB) settings

4-5
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3:

4.

Subroutine Head (X,Y,NTAP, ISW, ICNT, I0)

This subroutine displays attenuator and line stretcher settings.

Input: X, Y, NTAP, ISW, ICNT, IO

X, Y line stretcher and attenuation settings
NTAP number of taps

ISwW ISW = 0; sidelobe distortion < -45 dB

ISW = 1; at least one sidelobe > -45 dB

ICNT iteration counter

Subroutine INPUT (N, IBUF, IIO, IO, KSW)
INPUT defines input array of in-phase and quadrature-phase data.
Input: N, IIO, I0, KSW, file name
File Name file on which the data is stored
Output: IBUF

IBUF an array containing both I & 0 data in octal form

Subroutine CHNG (N, IBUF)
This routine swaps the upper half of the FFT input array with
the lower half.

Input: N, IBUF

OQutput: IBUF

Subroutine FORM (N, IBUF, A)

FORM will compute complex array A = I + jQ and also gain =
1

5 log]0 (12+02) and phase = tan ' (Q/I)
Input: N, IBUF
Qutput: A

Subroutine INVT (N,A)

This subroutine computes the sequence to be equalized:
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10.

11.

A, = -‘K—where i=1,2,3,....N
Input: N,A

Qutput: A

Subroutine FFT2C (A,M,IMK) computes the Fourier transform of
the input array A

Input: M,A

OQutput: A
Subroutine TAPCO (N, A, NTAP, COEF, I0)
TAPCO truncates array A(N)Y into finite terms. The number of
terms is defined as NTAP (number of taps) to specify an equal-
izer. The variable IQ is a device number for the output which
is normally computer-dependent. The resulting equalizer taps

are stored in COEF (NTAP).

Subroutine KASER (NTAP, BETA, COEF, I0)

This subroutine applies the KAISER window function to the trunc-
ated Fourier transform output COEF (NTAP). A functional sub-
routine BESSL (X} is required to compute the window parameters.
BESSL is the modified Bessel function of the first kind with

zero order. The argument for the BESSL is X.

Subroutine QUTPT (DMY1, DMY2, COEF, NTAP, ISW)
Subroutine OUTPT computes updated attenuation (dB) and phase

shift (degrees).

A DMYLi

Xi = 20 10910 (107); A = >0 + 1
B ATT,i

Yi = 20 log]0 (10°); B = 55 * 1

updated attenuationi = 20 10910 (10c)

Xi+Yi
where C = ) + 1

and i = 1,2,....N

4-7




12:

13:

14:

15:

16:

DMY1 - previous attenuation (dB)

ATT - present tap indication (dB)
phase shift = 1;N

i=1
Input: DMY1, DMY2, COEF, NTAP

phase

DMY1 - updated attenuation setting (dB)
DMY2 - updated phase shift setting (degrees)
ISW - ISW = 0; sidelobe distortion < -45 dB

ISW = 1; at least one sidelobe > -45 dB

Subroutine DIAL (NTAP, DMY1, DMY2, ISW, ICNT, IO)

DIAL was described previously.

Subroutine HEAD (X, Y, NTAP, ISW, ICNT, I0)

HEAD was described previously.

Subroutine END (ISW, ICNT, 10)°
This subroutine will print a message depending on what the
inputs are:

Input: ISW, ICNT, IO

Qutput: If ISW = 0, message is "Distortion compensated after
so many iterations"

If ICNT = 10, message is "After 10 iterations distor-
tion cannot be compensated”
Function ZLOG2: This function calculates log to the base 10
of the input quantity X. It takes the natural log (ALOG) of X

and multiplies by Y, where Y = l/logelo.

Function ZN1: This calculates arctangent of input quantity

(in radians).
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4 COMPUTER PROGPAM LTSTING

The following is a listing of the computer program:

FTN4
C FEVICED FILE 1-2e2-81
FFOGEHM RIL
COMFLEX A2Sey s BE(2S8r s COEF (2520
DIMENZION IEUF iESErsIMYL LT o IMYS QAT o X A1TI oM 1T
DIMENSION Ihik (9
ICHT=0
M=z
N INITIARLIZE COMZTANTE
CARLL IMTLZ cDMY1eDMYE«MHeNTRF«EETHs 110 IO KT
C CALCULATE IMTITIARL RTTENUATOR ANMD LIME STRETCHER ZETTING

THLL DIAL CNTHRFP DMy 1 IMY S e v
C DISFLAY ATTEMUATOR AMD LINE STRETCHER ZETTINGE
CARLL HERD ol aNTHF s IZWe ITNT 100
ug 10 I= 1120
ICNT= 1
IFCICHT.ER.E» 50 7O 0

C EMTER ZHMFLE TRAMIFER FUNMCTIOM RS I AND @ DATH
CALL INMFUT M TEUF < 110« 10 K Sk

rC ZHIFT DATA MN-& ZRAMPLES
CAHLL CHMNG<Mes IBUF

C COMFUTE TRANZFER FUNCTIOM R MY =T M+ 05 0N
CALL FORMiN« IELIF«RA>

C COMPUTE EQUIRLIZER TRANIFER FUMCTIOM 1-HN»
CAHLL INYTNsAX

. FERFDRM FFT ON H
CHLL FFTEC <R Me Thik?

C TRUNCATE THE IMFULZE REZFOMSE TO 17 TERME
CALL TAPCO N«A+NTRF<CROEF. 10

iz FERFORM WINDOW FUNCTIOM ON TRUMCARTED ZERIES

CALL KRSER (MTAFsEBETH.COEF>

C CRLCULATE ATTENUATION «DE> AND PHASE SHIFT (DEGREES

CALL DUTPT «DMY1+DMvESs COEFsNTAF, TTWD

C CALCULATE ATTENUATIOM «TURNZI> AMD LINE STRETCHER ZETTINGS

CALL DIAL (NTSF«DMY 1 DMY2e e

C DISPLAY ATTEMUATION AHD LIME STRETCHER SETTINGS
CHLL HERD  CHe s NTHRP» ITWs ICNTs 10
IFrISW.ER. DX TO 20

10 CONTINLUE
C DICPLAY AFTEF HOW MANY ITERATIONI DISTORTIOM WAL
S COMPENZATED «OF THAT IT WAZ HOT COMPENIATED RFTER H
C SIVEN HUMEER OF ITERATIONE.

=3 CRLL END I TWe TONTW IO

XIn WRITE (37 S0
Sassn FORMAT  C ARLL @ STOP™

enl
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nna? ¢

4z C

DT ST CALCURTE LOG TO THE BRASE 10
D050 FUNCTION ZLOG1 XD

st =0, 43429448319

anse IFC< . LE. N0 E=1.E~-10)

oSz ZLOG1=YeRLOG >

T ) RETUFEN

0SS END

nnse C

sy C CALCULATE ARCTANGENT
anss [

nNse FUNCTION ZNE Crs i

oen IF CK.EG. N2 #=1.E-101

noet PI=3%.141592654

a0ez =Y R

anes ZNES=RTANZY

nosd IFCLLT 0 SNE=ZH2+P]

poes  C WRITE (S7V«3762 ZsZNE
ONeEs 976 FORMAT «1xsE12.S+1XsEL12.50

RN FETURN
DNeg END
noes o
anvo  C
0ovr ¢ CALCULATE EBESSEL FUNCTION OF THE FIRST KIND WITH 0 DRDER
aave FUNCTIOM BESSL (x>
nOF2 W= 2
nnva DELTR=1E-&
0N7vs E=1.
NO7E DE=1.
ancy DO 1 I=1+e5
anve DE=DEeY.-FLORT <1
Ny SDE=DEeDE
anan E=E+ZDE
10Ey IF EeDELTAH.GT.SDEXOTO 10
Guse 1 CONTINUE
onz3 10 EESSL=E
nned FETLIRN
00es END
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0086

0087

ongs

0ng9

NoSo

N091

009

0093

no=4q

\ 009S
! 0096
0097
0o9%
0099
‘ 0100
? 0101
1 0102
j 0102
0104
, 010S
0105

i 0107
r‘ 0108
‘ 0109

OO0

0

Y A}

o]

o0

SWAP THE UFFER HALF OF THE ARRAY WITH

SUEROUTINE CHNG CNs IEUF>
INTEGER IEBUF (1) s IBUF1 (30D
K1=(N+10 -2

Ka=k1-1

K=N-gc

DD 10 I=KlsN
J=1-K
IBUFY (> =TEUF CI>
CONTINUE

DO 290 I=1sK
J=1+K1
IBUF1 <> =TBUF (1>
CONTINUE

pg 30 I=1sN

IBUF (I>=1EUF1 CI>
CONT INUE

FORMAT (1Xs 12165 1X0)
Z2X=1

CALL TYPE (ZX>

RETURN )

END
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ni1a C

111 C PERFORM FOLYNOMIARL FUNCTION YO CONYERT FROM ARTTENUATION <DE.

ni1e C TO ATTENLATION <DIAL TURNI»Y AMD FROM FHAZE ZHIFT DEGREE:S>

a1z C TO LINE ZTRETCHER ZETTINGE (DIVISIONS

0114

Nni1s TUEBFOUTINE DIRL NTRPsIMY 1 DMYS s e (D

Nile DIMENZIOM AOCIV e HL CIT Y s ACCITY sHZ (1T 0

v IIMY L 1y s IMYS 01 el ey (L

i1 DRTH A =, 3102 =, TEE1 s =, 3201 s~  EEE1 s~ . SEUT s =1, 2257

ni1e 11,1811, 1816 s~  SEdde— 241 Es =1, N3T e ~, F1ED

atc Z-c. 1413 -~.r4 e -1 NZAC e =, T35S

nict DRTA ALl = 1165y =, D738 s~ 1116 e~  DESTS s = 1SR e~ 13N

nize 1*.1H e = 17 S 0, s = BSOS s = AFENE s =, 11T e =, 0348 e —, [ S35
‘ n1zz ANLS Sac TR § SRR N el B

124 DHTH HE =, QU917 4..nn1h Se—. nnn;;ag,.uu1a;a.,nmn;e;x.
, 0n1es 1. 0000716 3e~=, 010003 3 P e =, D00
' N1ce C=. DOO0NISE =y, 000 LI ITT . 0
f nge? IRATH H;. . NI T TR ,uuun;qag._nunu11n(ﬁ,
: nlce 1=, QOO0 1Ss ~. OO0, 15 ‘:j" T e =, DUONETTIa 0, s =, UONDISS0IeE
. fi1es -—.onnnanqr.- DONNET 3 SUODIST s o QUNOLIETES
! ni3n PO S S nnnu'ealax
i 0121 DU 12 I=1sNTHF

n13e J=1

01322 IFCI.LE. &) J=9-1
l 0124 V1=ROCID+R1 I oDy L (Ul +RE CID oML 0 ¢DIMY L (>
! 132S Ye=RZ<I) oMYl (1) @DMY L ) oLiMY 1 < U

0136 Y(Ix=vYi+¥e

0137 AClv=DMye cJr o3 R34 (2E0, 1, 0910

0133 IF ¢y (I, LT' 0. 08y CIy=0.0

013 IFCY (I GT 10,00 CLx=10,0

ni4n IF(axI;.LT.n.U)H(I>=U.D

2141 IF (X(I2.6T.11.00 Kclo=11.1

142 10 CONTINLUE

0142 C WRITE (IFe979) CXCId e I=1aNTRFD

0144 C WRITE (37979 N IIrsI=1sNTHF)

0145 o7VS FORMRAT (1X+dE12.5s 1XsE12. 5 1D

0146 o=

0147 CRLL TYPE (Zx>

f14s RETURN
; Nta4c END
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mso L

1St o

0152 © PRINT QUT WHETHER DISTORTION IS COMFENSHTED AFTER THE
i1s: C LAST ITERARTION

0154 SUBROUTINE ENDCISWs ICNT. 102

n1ss IFIzw. EQR. 0030 TO 10

1156 WRITECZT S0 INCT

H1s7? zn FORMAT i/« 2X« THRAFTER I3 Z1H ITERATIONS DISTORTION CRAN NOTs
nise 114HEE COMPENSHTEDs -

n1se GO 1O Zo

G1eq 10 COMTIMLUE

n1e1 ICHT=ICHMT-1

n1eg WRITE (27«40 ICNHT

012 41 FORMAT (s 3%+ SEHOISTORTION COMFENSATED AFTER» 12 11HITERATIONS
n1eq 20 CONTINUE

N1e%S SH=3

N1=E CHLL TYPE (Z¥>»

0D1e7 FETURN

nieg END

01es ©

ni7sn C

(5 Bl S

nire SUBRDUTINE FORM(Ns IBUFsA>
0173 COMFLEX A1)

1174 DIMENSION IEUF 1)

017sS C COMPUTE COMPLEX ARRAY A=I+J0
D176 g 10 I=1sN

]} S IAL=1EBUF (13,256

n17e IB1=IEBUF (I -cS5elAL

017s IFcIAl.GE. 128 IA1=1AL1-256
a1an IFC(IER1.5E. 12685 JE1=]1E1-2%e
181 “I=FLOART (IR1)» - 12E.

urze “G=FLORT C(1EBL1X 1282,

7} §-1c HCIYSCMPLK G e 6D

n1e4 10 COMTINLUE

012S  So FORMAT c1xXs4E12.Ss1%eE12.5+150D
126 =4

a1zv CARLL TYFE (Ji>

n1ze RETURN

nas END

r1ey C
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01
n1=e
0193
194
1B 8=
116
197
01~
1199
RN
Gigl
nEneg
nens
00
s ns
e e,
(g
nensE
nens
nein
=3 B!
nzie
neys
neig
nz21s
21k
DS e
nete
nsle
neen
ngel
neee
neas
ncc4
neesS
NeS2E

]

ENE

P
E

(D n

SUEBRDUTINE HERD Ce ' P NTARP JTSWs ICNTS 105

DIMEMZION =10 e il s SR LT

IATA ZH-4HL A=y 4HE A= dHIZ A=sdHI A= dHS A= 4HE A=+ 4HT A=
14HZ RA=vdH M =e4H1 E—-4H_ Esesd4HZ E=94H4 E=s4HT EB=ed4He Ex=»
14HT Ez=+sdHZ E=~

WRITE CZF e 1450

FORMAT ¢ 1H1»

ICNTI=TICMT+1

30 TO w10+ SNe SN 2R S0 SNV SN U0 20 ICNTE

CONTINUE

WRITEVZF1S03 ICNT

DIZFLAY ATTENMURTION AND LINME ZTRETCHER SETTINGE

FORMAT (s 12 SSHINITIAL ZETTINGE AT ZTEP »I1s11H SA0ULD EE:
S0 7O &S

COMTINUE

Izhl=1T0h+1

S0 7O «20«&0ny 12wl

CONTINUE

WRITE (27« 155 ICNT

FORMAT (e 12 ZOHINTERMEDIRTE SETTINGSE AT STEPsI2»SH RRE: &
s0 70 cos

CONT INUE

WMRITE c27 e 1500 JCMT

FORMAT (/e S1Xs SZHFINAL SETTINGS AT STEP s 12sSH ARE: 5
COMTINLE

mPITELE“ 96-1

FOFMAT <<~ 104 ITHRTTENUATOR (TURENS) o 31Xs 19HLINE ZTRETCHER DIV
g 10 I= I-HTHF

MEITE (AT IT0O ZRCID o CIY s ERCTID 0 (I

FORMAT (1< s ARG FE, 2o 24X s Rt FS, 10

CONTINUE

-
‘,(__ .

CRLL TYPE kD
FETLIFN
END
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ne2e
e
nE2n
1F3CH
nz2ze

nes3
L)

nz4ee
43
neeg
nz45
46
nca?
ccas
0z49
uesn
neSt
uese
D2S3
01254
n2ss
0zSe
0esS7
nese
nese
0eén
neel
gcée

SN
30

910
en

S

SUEBEROQUTIME INPUT (Ne IEBUFS 110 IOskEWD
DIMENZIOM IDCE(ZSEy s NAM (2D « TELIF (2560
DIMENSION TEBEUFQC1Z220 - IRUFL (1250
WRITECZ7s 100
FORMAT (~+” ENTER THE FILE MNAME >
RERD CZ7 s 1S NRM
FORMAT (2R
IL=H
CALL DFENCILCE. IERR s NAM)
IFCIERR.LT. O30 TO 200
ENTER LDATA IN OCTAL FORMRAT

CALL REARDF ¢IDCEs IERRs IRUF O
CHLL RERLF CIDCES IERRs TEUFLY
IFCIERR.LT,. 150 TO 210,
CALL CLOSECIDCEs IERRD

FILL ARRFAY WITH IN~-FHASE AND QUADRATURE-FHAIE COMFONEMTS
10 &) J=1+128
IBUF ¢ 2 =TEBUFD (>
COMT INUE
D0 70 K=1s122
IBUF ck+1223»=1ELF 1 K>
CONTINUE
FORMAT (1Xe 12 CIEsIXID
GO 17O 29%
WRITE (27«30 IERR
FORMAT -5 FMP ERROR 14>
20 TQ 299
WRITE (27«0
FORMRAT -+~ ERFROR READING THE FILE 7
TH=E
CALL TYPE (Zx>
RETURN
END
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. INITIALIZE COMESTANTS AND RARRAY
nees SUEBROUTINE IMTLZ (DM 1+ DMYEsNs NTAP EETH I IO KEWD

NZES DIMEMNZION DML <12 sDMYS 10 o ML) s B (17D

NZET DATH A =59, 984 s =55, 363 =51, N7Ce—SE. 743+ =77, €61 -1, 551,
nees 1- T:.TI4"ﬁ-.-J&!“-!—qﬂ-44u’-ﬁﬁ-144"4l-qnd'—ur-:41!
e E=Sd . 31Se =Y, S ~ST7, 147 ~52, :

gerhn IARTA E 659,232« 7SE, 4“-?1“.4\-F

nevl 1670, D285, 1E+343, 199 129, mEs G

neve So4. 04 151,32+ 345, 82070, 0ZF

nevz N=2Se

DEv7v4 NTHFP=17

0z7s 00 10 I=1+NTAP

0Eve oMYy CIdx=FR«Ix

er? IMye cIv=ECI>

nev 10 CONTINLUE
ners EETA=1.10

neen 110=37

nesl 10=37

nege € FOR DECIMAL I&E«KSW=0
negz C FOF OCTRL I88sKSW=1
fegd KS=1

ness K=Y

neges CALL TYPE (2%
nee? RETURN

Nzes END

oggee C
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nzng
NNz
nz0ng
nEO%
A3Ne
0207
nz0ng
0309
nz10
G311
n21e
nz13
314
031%
0216
0217
0z1e
0319
g3en
nzel
02ce

O (i S
. o

[xx]

e w NuXwl

CRLCULATE THE RECIPRPOCAL OF THE TRANSFER FUNCTION
SURBROUTINE INYT (NeR>
COMFLEX ROl
DO 10 I=1+N
ACI»=1,-«H{]12»eFLOAT (NX>
CONTINLUE
WRITE (37 «392) (RC{IDsI=1sM0
FORMAT (1ns4(E12.Se1XsEL1Z.Ss 1Ko 5
Ix=%g
CRLL TYFE (2K
FRETLIEM
END

RPPLY KAISER WINDOW FUNCTION 7O ZMOOTH QUT THE KRIFFLE DUE
TO TRUNCATION OF THE FOURIER ZERIES
SUEROUTINE KREER (NsEsC2
COMRLEY CC12 ‘
IFCR.EQ,. 0. 030 TO 9299
NVE=(N+1> 2
Da 14 I=1sN
Ze=FLORT (I-NYEx ~FLORT (N-22
Z23=BeSORT (1., -Z2eZ2>
CCIy=C(I2eEESSL (23> ~BESSL (B>
CONTINLUE
WRITE (STsS79) (CC(IxsI=1aN>
FORMAT (1xXsdC1X+EL1C. Sy 1KsEL1S. 502
IH=9
CALL TYFE (Z¥D
RETLURN
END




uzs0
nzs1
nzse
[cate]
354
0zss
NZ%e
NSy
ness
125
NZen
nze
0zee
NZez
0Z2nd

=D
D a3 S

L)

Do D

el
WA =00~

RTINS T S S )

RRREY

o

]

[}

- ol
XN

(¥

N )

S
4

A£|

U |

U RN |

V]
]

(LA

o

TUEBROUTIME QUTFT «IMY 1« IMYZ«COEF «MHTAF«IZi)
COMPLEX COEF i1
DIMENZIION DMY1 el o DMYE 10 sATTCITY s FHI (1T
0O 10 I=1NMTAF
WR=FERL CCOEF ¢TI
RI=RIMRGCOEF ¢I»>

COMPUTE ATTENURTION OF DISTORTIOM
=xRexF+X] @]
TdIy=10.eZLCGL1 (AAY

COMFUTE THE FHAZE IHIFT OF TARF COEFFICIENTS
FPHE (Iv ="M <lexRr¢d4S, A HTHNCL . »

AR
AT

ITED PHI (I 28
FORMAT ' 1HeE1Z.Se1XsE1E.5
COMTINLE
[ &0 I=1+MHTHF
FITT oI =ATT VI3 =ATT (0
EMI I =PHI (v =FHT (9
CaOnTINUE
1 : b= I:I
NTHFI=NTHF-1
Do 0 I=1+MTAPL
J=1
IFCI.GE. 3y U=]+1
IFeRTT (O LE.-45.5060 7O 1S
IZh=1
50 TG 30
LONTINLUE
Isiu=1w
CONTINLE
IFCIZM.ER. D330 TO 40
g S I={«NTAP
“=en.,eZLO0G1 (i, e cDMYL () 20,02+
Y=2r eZLOGl 1, e ATT (I 20.00+1>
IMYicl =g, «ZL051 010, @@ (+Y 720, 00 =10
MY CI»=DIMY2 (I +FHE (T2
CONTINLE
CONTINUE
WRITE <37 «396)
FORMAT (11X« 14HATTEMUATOR CLE) s STFXs 19HLINE STRETCHER (DEGH o
cx=10
DO 221 I=1«NTHP
WRITE <(2T+9773  DIMYL1 CIdeDIMvyE (I
FORMAT (1X+E12, ST KeEL1Z. S
CONTINMLUE
FORMAT (1x<ead 1 XsE1C.Se1xsELE.S) D
CRLL TYFPE (2%
FETURN
END
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SUEROUTINE TAFCO CNsRsNTAPs COEF s 10D
COMPLEX M1+ COEF <13
NYE= (NTRP+13 -2
NYE1=N+HVE+1
NV 1=NvE+1
TRUNCATE THE RRRAY ACND INTO A GIVEN NUMBER (NTRFY OF

TERMS
00 20 I=1eMVZ
d=NY'e-1+1
COEF ¢(I>=R s
CONTIMNUE

OETAIN THE UFPER HALF OF THE COEFFICIENTS CENTEFED

AROUND CNTAP+1) /2
DO 20 I=NVISMHTHP
J=Nve1-1
COEF C1y=Rcty
CONT INUE
MRITE (37979 CCOEFCI>»I1=1sNTAR)
FORMAT C1X¥sd (1XsE12.5s 1KsE12.5))
Tx=11
CALL TYPE (ZX)
RETURN
END
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Qzog
N329
ngnn
ndnl
n40e
na4n3
0403
04 0%
E JAL
eIk
0303
EY)
n410
U411
ndig
nd41z
G414
0415
IES T
417
n41s
0419
ngsn
HE =31
N Sy
04z
94
14cS
51 ¥=4
N4z7
n4ze
nges
0420
431
n432
nazz
n4z4
435S
1436
0427
043¢
04329
04410
Nd4a1
0442
4473
D444

e

mo

]

10

1

mrv~

1) 1) -

ZUE
INT
ComM

INTEGER IsICSPelds s JEPeKsKDsK1skKSoKSsKEskNs MK MMaMP s No

M
REH
E

~
-

com
EGH
«Z
E
CE
AT
IRT
IHT
AT
IRT
MF
N =
TWK
MM=
kKN
LG

CON
FAD
Mk,
KE
IF
K2
K0
kK
K
Rke
Ak
H K
IF
Cl=
21
JJ

x

ROUTINE FFTSC «HeMe TWkD
ESER  Ms IWK (1
PLEX HC1)

FeMIsNZ s LMe NN kK
L FHD'LI!Jcvl_.:u?,ln~c,qii"_s!:ko‘kp\_U-Hllu
QeEBEl+sEBSe B« TWOFI«TEMP

CERGYOME s S0 s D1 (EY s 2H (2D

ZEROONE 2023« 21 l\:'!'.'.‘ (SN e SN
FLE~ ZRIOIZR1sZAS«ZH

— g

IVHLENLE CCHRHOeZ0 120 tng"_l Clare (t.Hd'ggtl") .

1R

S Q;_(l)'!lHHo;U‘ll'otE“!GU'c",lHlpGIQI}),

1';1‘-
ZelZH
SR
AOTK
H DKL T
2] THOPI [
H
= M+
ceeld
1> =1

(M-2> e
= M+l
S I=2sMP

IWK (ID =IWK (I-1)+IWK (I-1>
TINUE
= TWQPI-N

M- 4

1
‘MM LEGQ. My GO TO 1S

KN

IWk ¢tMM+1» + KE

k2 - 1

KO ~ 1
= Aiked
ey = Ry - Rk
ay = /Gy + RKE

iy BT, KB GO TO 10
ONE
= ZERO
= 0

MM - 1

:'-\H;-gclllI.\Ec,gclg')!\H‘mg

[ I | S Y
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0445
0446
0447
1448
HET 3"
0450
N4%1
0452
453
1454
1455
D455
n4s7
a45e
3459
nd4en
gd4atl
adee
N4>
464
0465
J46é
0467
0468
1489
a4vn
0471
n47e
0473
0474
a47S
476
I Yard
w473
n479
0480

o

=

410

Jg=4
IF ¢k .GE. 1> 60 TO 30
GO 70 7O
IF ¢<IWK<Jdy .GT. JJ» 60 7O &5
JJ = Jd = TWK D
J=J -1
1IF <Iwk<ly JGT. JJ» 60TO 25
NEENNES 8 )]
J=J-1
Kk = K + &
30 7O en
JJ o= Wk Cdy + Jd

Jd =4

I12P = 1WK KD

IF ¢JJ .EQ. 0» GO TO 40
e = JdJ & ISP o RARD

C1 = CoZ e

31 = SINCCCED

L2 = C1 ¢ Cl ~31 & 51
g = 1 (31 +31

B3 = Ce & C1 -%2 o581
3= C2 & S1 + 32 oCd
JSF = ISP + KE

WRITE (379973 S1s3E8+88
WRITE <37+997) C1s:C2»L2
rgsol =1 ISP

K o= Jsp - 1

K1 = ko + ISP

kg = K1 + I

K3 = Ke + ISP

2RO = AKD

ZA1 = AL

ZAZ2 = AKS

ZA3 = RAK

IF ¢S1 .EQ. ZERO> GD TO 45
TEMP = H1
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0421
n4ee
0423
n4c4
34295
486
B =y
nags
04z9
J490
0431
n49g
N4z
3494
n4as
G496
497
o49g
DN4aS
as0n
oS0l
nsog
0503z
0Saq
0505
NS0e
0507
NS0s
0509
510
0511
asS1e
0513
0S4
0S1%
051¢
0S17
0518
0519
0320

WO

0 O
U

A1 = A1 ¢ C1 —-Bl1 St

El = TEMP ¢ X1 + El ¢ (1
TEMP = RZ

HS = AC & & - B2 & &2
Be = TEMP o S2 + B2 ¢ C2z
TEMP = A3

A3 = AZ & 3 - BT €232

3 = TEMP e 52 + B2 o (3
TEMP = HID + A2

AE = AN - A2

AD = TEMP

TEMP = A1 + A3

Az = A1 -AZ

RZ2=E0+E1
AZZ=Ai-A1
AZ4=B0-E1
AZS=AZ-E3
AZ6=F2+A3
RZ7=AE+B3
RZE=B&-A3

FORPMAT (1Xsd4(E12.5:1X0)D

RO = CMPLX (RZ1sREED
ALY = CMPLX (RZZsAZ4)
RKE> = CMPLXCRZSRI6D
RKZy = CMPLX (RE7sAZED

FORMAT <(1Xs“ A COEFFICIENTS")

CONTINUE

WRITE (37s998> ARKDI»AKLII s HIKZ) s R(K3)
WRITE (37«995) KNsK1lsKesK3

FORMAT C1Xed (Tds 11X

FORMAT (1X+4(E12.5+s1XsE12.55 1502

IF <k .LE. 1> 60 TO SS




P —

nsel K =K -2

nseze G0 TO =0

uszz 5% KE = K2 + ISP

0S4 IF ¢kN .LE. KE» G0 TO V0
ses IF ¢4 .MNE. 1> GO 7O sU
0scé K = 3

usev Jd o= MK

nsz2¢g =0 TO v

nsze =0 Jd=J-1

nS30 ce = 1

NS21 IF ¢J .NE. &» 60 TO &5
nsze C1 = Cl o CK + &1 & K
asz232 1 = S1 & CK ~ C& 3K
nsz4q4 >0 TO 3%

nszs &5 £1 = (C1-31% & S0

NS3E T o= L2 + 31> e =R

nszv 60 TO 2%

nsze 7o CONTINUE

ns53s C WRITE C3I7»992) (R sKZ=1+2560 -
aS4a IF ¢ .LE. 1y &0 7O 90405
0S41 MP =M + 1

nsaez JJd =1

0543 Ik<l> =1

NS44 D0 7?5 1 = g«+MP

0545 INKCI> = JTWKC(I=-1)e2

054 75 CONTINUE

ns47 N4 = IWK (MP-g>

nS43 IF (M .GT. &> N& = IUKMP-3
NS4 Ng = IWK (MP=-1)

nsS50 LM = N2

U bdap | NN = IWKMFY + 1

GSs5e MF = MFP - 4

U553 J =2
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0554
0555
NSSE
UsS7
15Ss
559
0SeD
nsal
nsee
0Sez
1564
DSES
nSne
0Se7
0ses
nNses
as7 0
0571
ns7ve
05732
us74
nevs
0Sve
0sv7
osve
us7e
0S80
nsel
asge
04582
NSS4
0S8S
0Seé
ases
058
0589
0590
0S<1
0592
NS5932
0594
0595

AN

110

Q00s

c

no 00

JK =00 + N2

M2 = ACH

RO = ROJKD

RCJIKY) = Hke

J = J1+1

IF JJ .GT. N4> GO 7O &S5
JJ = Jd o+ Ng

GO0 TO 145

Jdd = Jdt - Ng

IF «JJ .6T. N2 GO 7O %0
JJd o= dd o+ NE

GO TO 10S

JJd o= Jdd = N3

K = MP

IF C(IWKcKy» BE. JJd» 60 7O 100
Jd = JdJ = TWK (K>

K = kK -1

G0 TO 9%

JAo= TWk Ky + a4l

IF «J0 JLE. > &0 TO tta
K = HN - |

JK = N~ 4

AKE = RCD

HCD = ROJD

HCIJ» = RKe

AKZ = MDD

A = RUIKD

RCJK) = RKE

J=J+ 1

IF <J .LE. LM>» 60 7O 30
Znu=12

CALL TYFPE (X3

WRITE (ST«992) (AWK sKI=1+256)
RETURM

END

SUBROUTINE TYPE (Z2¥>
WRITE (P20 2K

FORMAT ¢y © SUBROUTINE ENTERED “+Fd4.1>

RETLIRN
END
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4.5 COMPUTER SOFTWARE VERIFICATION

To assure that the software works properly, the follow-
ing verification procedure has been established. Before running
the program on real data, it is recommended that the program be
run on an idealized, sinusoidal waveform with slight distortion
added.

Two cases of distortion will be introduced; the first
one involves amplitude only, and the second one involves phase
only. The distortions are presented as sinusoids of various
amplitudes but always small enough so as to permit the use of
the paired echo theory concepts to be valid. Also, the period
of the sinusoid is always harmonically related to the bandwidth
of the equalizer network and as such is consistent with the con-
cept of representing the distortion as a Fourier series.

The test cases of distortion are separated into twe
groups, one of which assumes only amplitude distortion and the
other of which assumes only phase distortion, but of varying
levels. The FFT presents the coefficients for the taps which
in effect represent the amplitude and phase of the echo associ-
ated with each tap. These coefficients are then compared to the

calculated values based on the paired echo theory.

CASE 1: A sinusoidal amplitude distortion of various peak to

peak values.

R
(6] = 10 Togy, J1%+0% = 5.70a; (1%+Q%) = amplitude

p = tan”! % = phase
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To simplify, we consider the effects of only amplitude distortions
so that assuming no phase distortion and letting Q@ = 0 we get

- 2
|G{ = 5 10910 I® =10 10910 1
p = tan’](%)= 0

Since a sinusoidal distortion is needed:

sin (AXN) -1 _
K 10 10910 1

where AX = incremental frequency
N = number of points
K = scale factor {(for K = 1, numerator goes

0 to -2 or 2 dB
and 10 10og I represents the distortion level in dB (peak-to-peak).
In order to fit the RADC data form so that -128 < I < 128, we multiply
the given values of I by 128.
TEST 1: Amplitude distortion, 0.5 dB peak-to-peak with first

echo pair

! -0.5 = sin (ﬁXN) -1

= 10 log]o therefore K = 4

For 215 points in 21 radians or 360°, there aX = 390 and 0 <N <214+

I =10 |:sm ggxu) -1]

From the test run we get the first echo peak value distortion to be

-30.44 dB. Analytically (for small amp distortion) we have:

*Note that the number of sample points is not germane to the analysis
(as long as it is a large number) and relates only to the expected
' number of samples to be used. We later change this to 256 points.
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a
20 Iog]0 (1+ 31_) = amplitude ripple in dB (peak value)
0
4 14
for — << 1; 3 — = peak echo amplitude
a, 2 a,

a
20 log, (5}—) = echo in dB
0

3y
1) = 0.5 d8

20 log o (1+ 3
0

= 0.0296

3 1o LEgH-1]
T3

2a°

a
echo = 20 log,, ({g—) = -30.566 dB
0

TEST 2: Distortion is introduced in the second echo pair with an

amplitude ripple of 0.5 dB

I =10 [‘Sin4%0 NZ'}]

where ax = 25380 ang 0 < N < 215

From the test run we get second echo peak value to be -30.53 dB where

the calculated value is the same as before -30.566 dB.

TEST 3: Distortion is introduced in the first and second echo pairs
with an amplitude ripple of 0.5 d8
sin (Ax]N)-I
40

. 360, . 2x360
where Ax] AR sz AL and 0 < N < 214

sin (szN)-l

I = (10 [
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Because we are summing two sinusoidal amplitude distortions of 0.5
dB each, the resultant distortion needs to be divided by 2 in order
for it to be 0.5 dB.

From the test run we get both the first and second echo

peak to be -36.2 dB. The calculated first and second echo peak is:

4
20 10910 (1 + aa—-)
[0}
a, 10 [g?g]
I 3 = 0.0148
0 a]
20 1og 10 E; = 36.58 dB

Tests 4 through 6 are the same as Tests 1 through 3 respectively,
except the peak amplitude distortion is set at 1 dB instead of
0.5 dB (then K = 2). Test 7 is the same as Tests 4 or 5 except
the distortion is introduced into the eighth echo pair. The

results are given in Table 4-1.

TEST 8: Distortion is introduced in the first and eighth echo pairs

with an amplitude ripplie of 1 dB (K = 2)

sin (AX]N)-l sin (AXZN)-I
I = (10 +10

20 20

)/2

w

where  av, = 393 ax, = 8380 4na 0 < W< 214

CASE II; A sinusoidal phase distortion of various peak-to-peak

values. As defined previously the gain and phase are:

6] = 10 Togy, / 124q2
9 = tan”! %

Now we want to have a sinusoidal phase variation, so P = A sin (AXN)k.

To simplify, let us set |G| = 0 dB so that:
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TABLE 4-1. TEST RESULTS OBTAINED WITH DEC-20 COMPUTER

Peak Ampl.
Distortion
dB
Test 1 0.5
Test 2 0.t
Test 3 0.5
Test 3 0.5
Test 4 1
Test 5 1
Test 6 1
Test 6 1
Test 7 1
Test 8 1
Test 8 1

Simulated*
Distortion

Echo Peak (dB)
1 -30.44
2 -30.53
1 -36.26
2 -36.27
1 ~23.76
2 ~23.85
1 ~29.69
2 -30.04
8 -25.8
1' -29.77
8 -31.82

-30.
-36.
-36.
-24.
-24.
-30.
-30.

-24

-30.
-30.

Calculated
Distortion

Peak (dB)

-30.

566
566
58
58
29
29
31
31

.29

31
3

*Actual Distortions outputted by the algorithm are in echo pairs.

The value shown is an average.
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1/2

1/2
= 0 and [IZ+QZ] =1 or 12+02 = 1

2,02
{
(1) 10 Togyy [1°+Q°]

—0

tan (A sin(AXN)-k)

#"

(2)

Q I tan (A sin (AXN)-k)

Let A sin ( XN)-k P so that Q = 1 tan 9@

From (1) we have:

12 =1 -q?
From (2) Q2 = 12 tan2 A = (1-02) tan2 = tan2 )] —02 tan2 ')

02 + 02 tan2 g = tan2 ]

2

2 p) = tan® @

Q% (1+tan
. tan @
1+ tan’ 2
, 1/2
I = [1- tan Q] - 12 73

1+tan2 @ i (1+tan® @)

g = tan~! % = phase

To simplify, let us always work in the I-V quadrant so that Q < O

.- y =
and I > 0, therefore when tan @ < 0, then /1 + tan® @ > 0. In order

to fit the RADC format (2's complement) we multiply I and Q by 128.

TEST 1: Sinusoidal phase distortion of 6° peak value is intro-

duced in the first echo pair

B = 3 sin (AXN) ~k where AX = %%%, 0

k = offset = 42° places P in fourth quadrant

<N < 214 and
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q - tan(3 sin (aAxN)-42) and 1 - /] _02
\/1+ tan2(3 sin(axN)-42)

From computer simulation we get the first echo to be -31.49 dB.

Analytically we get
2mx b
20 10910 (W) = echo in dB

where b1 = ripple in degrees

= o -————]Z‘N = -
by = 6°, 20 log,, (73585~ -31-64 dB

TEST 2: Cosinusoidal phase distortion of 6° peak value is intro-

duced in the first echo
@ = 3 cos (AXN) -22

The computer simulation is basically the same except that for an
odd (sin) distortion function the phase angle for the two echoes
is 180° apart,whereas for an even (cos) distortion function the

two echoes are in phase. The opposite is true for amplitude dis-

tortion. That is, for odd function distortions the phase angle

for the two echoes is in phase whereas for even distortion function

the phase angle for the two echoes is 180° apart.

TEST 3: Sinusoidal phase distortion of 22.92° peak value is

introduced in the first echo

A= 11.46 sin (AXN) -42

Calculated result is 20 10910 (EEZ§§%%ng = -20 dB and the

simulated result is -20.02 dB.

The results for the phase distortion test cases are

shown in Table 4-2.
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TABLE 4-2. TEST RESULTS OBTAINED WITH DEC-20 COMPUTER

Peak Phase Simulated Calculated
Distortion Distortion Distortion
(degrees) Echo Phase {dB) Phase (dB
Test 1 6 ] -31.49 -31.64
Test 2 6 ] -31.49 -31.64
Test 3 22.92 1 -20.02 -20.0
4.5 PROGRAM TEST ON THE HP 2100A

Three tests were run on the algorithm contained in the
HP 2100A computer at RADC. The first test is a single echo test
involving a peak sinusoidal amplitude distortion of 0.5 dB. The
second test is a double echo test involving a peak sinusoidal amp-
litude distortior of 0.5 dB with one sine wave at twice the fre-
quency of the other. The third test is a single echo test involv-
ing a peak phase distortion of six degrees.

To perform the first test, a program has been implemented

(now on disk cartridge 45) called "AT10". A listing of this program

~r-a18-given in Appendix 3.

-

AT10 outputs M sample points of a distorted sine wave

given by:
[sin aXN]-!
I =10 5
360°
where: AX = T and N = 0,1,2,...M
In our case, we have run ATIO0 with 256 sample points (M = 255},

As mentioned, the phase comoonent of this test is @. ATI10 pro-

duces baoth the single echo pair and two pair test cases. The
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case just described (one echo pair) is printed out in a data file

called "ADP@P"; this file contains 256 octal mode (06 integers,

in two records, 128 numbers each; this file is the sequential

output of the "I" or amplitude function as N goes from 1 to 256.
To run the double echo-pair, amplitude-distortion-only

case, we executed AT10 again but such that AT10 adds to the first

waveform, a second one given by

sin(AX,N)-)

1, =10 30

2

where:  AX, = 2x360 and N = 0,1,2,....M = 255
The superimposed waveform (this is what is printed out into the
data file) is

ISup = (I + 12)/2

Again, there are 256 samples, written into two 128-number records
in 06 format. The file containing ISup is called "ADP@1". This
double echo-pair that is equivalent to Test 3 of Table 4-1 which shows
the theoretical peak distortion to be -36.58 dB.

For the third case, phase distortion only, the program

"TEST 1" was executed. The waveform produced by "TEST 1" is a sine

whose phase is given by:

tan (3 sin(aX1N)-42)
Q = 4 X 360

2 =2—T’N=O’]’2,....255
T+tan® (3 sin(AX1N)-42)

To run this test case, we executed "TEST 1" (also on
disk 45), and used the data file "AD@@2". This results in a test

case of 6° phase distortion equivalent to Test 1 in Table 4-2.
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Tables 4-3 through 4-5 give printouts of the data
contained in the output files for these three test cases, "AD@AQ",
"AD@P1I", and "ADPP2" respectively.

We can now compare the results obtained with the test
cases run on the DEC-20 and HP 2100A computers with their respec-
tive equalizer algorithms. Slight differences are to be expected
because of the differences in precision and the internal mathematical
algorithms. Table 4-6 shows the results.

The comparison shows excellent agreement between the
two equalizer algorithm outputs (DEC-20 and HP 2100A) and demon-

strates that they are performing the way they are supposed to.
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Tap No.

8A
7A
6A
S5A
4A
3A
2A
1A

1B
28
38
48
5B
68
78
88

TABLE 4-3.

Attenuator

1

(dB)
.59754E+02
.57500E+02
.50899E+02
.54626E+02
.76775E+02
.57659E+02
.63654E+02
.30575E+02
.95424E+01
.30102E+02
.58178E+02
.53561E+02
.57641E+02
.52656E+02
.68077E+02
.55111E+02
.58767E+02

N M W W W W W

O W W W YW Ww O N O

File ADOOO

(Turns)

9.

924

.133
.931
.280
.870
.054
.213
.894
.000
571
.552
.354
.961
.388
.716
.231
.938
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OUTPUT TEST 1 (ONE ECHO PAIR)

Line Stretcher

(deg)

.77894E+03
.84826E+03
.72472E+03
.12426E+04
.13916E+03
.48888E+03
.82400E+03
.94832E+03
.44309E+03
.40519E+02
.60589E+03
.47294E+03
.80104E+03
.15492E+03
.23711E+03
.61405E+03
.91032E+03

(Div)

7.

7

6.
1.

o o oy W

(L T - S < R A

2

.8

o

.
—d




TABLE 4-4. OUTPUT TEST 2 (DOUBLE ECHO PAIR)

File ADOO}
Attenuator Line Stretcher

Tap No. (dB) (Turns) (deg) (Div)
8A -.58976E+02 9.646 .78231E+03 7.2
7A -.58854E+02 9.603 .86500E+03 8.0
6A -.50607E+02 9.816 .85919E+03 7.9
5A -.55226€E+02 9.481 .90270E+03 8.4
4A -.74326E+02 9.505 .32962E+03 3.0
3A -.56551E+02 8.710 .36137E+03 3.3
2A -.36679E+02 3.518 .93857E+02 8.7
1A -.36044E+02 3.898 .95012E+03 8.8
0 .95424E+01 0.000 .44309E+03 4.1
18 -.35637E+02 3.589 .39872E+03 3.7
2B -.35844E+02 2.950 .49132E+03 4.5
38 -.52810E+02 9.094 .60045E+03 5.6
4B -.57316E+02 9.856 .97058E+03 9.0
58 -.53165E+02 9.563 .13478E+03 1.2
68 -.66063E+02 9.314 .10264E+03 0.9
78 -.56190E+02 9.654 .59731E+03 5.5
88 -.58025E+02 9.706 .90695E+03 8.4
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TABLE 4-5. OUTPUT CASE 3 (PHASE DISTORTION ONLY)
File ADOO4
Attenuator Line Stretcher
Tap No. (dB) (Turns) (deg) (Div)
8A -.59834E+02 9,953 .79680E+03 7.4
7A -.59511E+02 9.837 .73877E+03 6.8
6A -.50643E+02 9.831 .96&46E+03 8.9
5A -.56282E+02 9.841 .11579E+04 10.7
4A -.72772E+02 9.269 .38686E+03 3.6
3A -.57695E+02 9.066 .39645E+03 3.7
2A -.66269E+02 8.720 .67455E+03 6.2
1A -.31102E+02 2.984 .10384E+04 9.6
0 .95424E+0) 0.000 .44309E+03 4.1
18 -.31104E+02 2.742 .17235E+03 1.6
2B -.58022E+02 8.500 .44508E+03 4.1
38 -.53881E+02 9.466 .78023E+03 7.2
48 -.57201E+02 9.818 .86518E+03 8.0
58 -.53831E+02 9.794 .10693E+03 1.0
68 -.68513E+02 9.803 .20575E+03 1.9
78 -.56951E+02 9.961 .33624E+03 3.1
88 -.57922E+02 9.674 .66682E+03 6.2
4-37
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TABLE 4-6. COMPARISON OF TEST RESULTS FOR THE DEC-20 AND HP 2100A
EQUALIZER ALGORITHMS

Type of Echo
Test Distortion Affected
Test 1, 0.5 dB 1A
One Peak 18
Echo Amplitude
Pair Only
Test 2, 1A
Double 0.5 dB 18
Echo
Pair 2A
2B
Test 3, 6° Peak 1A
Phase 1B
Distortion
Only

4-38

Simulated Echo

Level in dB Theoretical
HP 2100A DEC-20 Level in dB
-30.58 -30.44 -30.57
-30.10 (AVG) -30.57
-36.04 36.36 -36.58
-35.64 (AVG) -36.58
-36.68 -36.58
-35.84 -36.58
-31.10 -31.49 -31.64
-31.10 (AVG) -31.64




While this is not 100% conclusive, it does provide

a high degree of confidence that the algorithm is working properly.

The only real test is the use of the algorithm over many real
situations which completely exercise it. Some comments about
what to expect are in order.

First of all, the Microwave Transversal Equalizer
(MTE) to be used to provide corrections to the distortion has
its own iherent second order distortions which are not constant.
That is, under one set of amplitude and phase adjustments for
each of the taps there is a given "self-distortion" which is
included in the data supplied to the algorithm to analyze.
When the amplitude and phase settings are now changed to cor-
rect for the total distortion reflected in the data, then the

new settings of the MTE will correct much of the distortion but

because the MTE settings are different from the original settings .~

there will be a new "self-distortion” introduced by the MTE. .

This means that the correction is imperfect and the process must

be iterated until the distortion residue is less than the allow- .

able value (or until the "self-distortion" changes are greater
than the corrected Hndicated by the algorithm).

Another source of distortion lies in the hardware
used to provide the data samples. These distortions are:

1. the phase response of the components
the amplitude response of the components

noise introduced on the data (Gaussian)

Sw N

random spikes (transients induced by
interference)
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5. sinusoidal variations (coupled interference
from motors, oscillators, etc.)
6. timing errors (clocks, circuit switching

speeds, etc.)

7. inaccuracies in data samples (improper
scaling, etc.)

8. digitizing errors (bit errors in digital
operations)

These errors introduce their own "self-distortion" and just as in

the MTE 1imit the residual distortion that can be obtained. In

addition, some of the errors are random so that iterations won't
help.

Finally, there is the algorithm itself. It cannot be

considered fully debugged until all combinations of operation have

been exercised. This is not a practical thing to do in the labor-

atory but instead requires a periqQd of field use. In addition, the

algorithm has limits of precision which will ultimately limit the

amount of distortion that can be corrected even if the hardware

were perfect, although this is the area that is least likely to
present a problem.
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5. CONCLUSIONS AND RECOMMENDATIONS

Computer algorithms have been successfully developed to
provide open-loop adaptive control of the MTE. The algorithms are
based upon the application of FFT techniques, and the necessary
corallary software programming procedures have been developed and
described.

Verification of the aforementioned FFT and associated
software programming has also been accomplished at AIL with a
DEC-20 computer. Such verification has involved the generation
of output adjustment data for MTE control based upon computer
analysis of artificially simulated time sidelobe input distortion
levels. A similar procedure will be undertaken at RADC using
real-time I and Q data acquired at the A. Froelich High Power
Tube Facility. Such distortion levels will be processed at RADC
using translation of format programs between the AIL DEC-20 and
the RADC HP 2100A computers. Preliminary data suggests that the
post-delivery program translation will be successful after the
normal debugging procedures have been completed.

AIL recommendations for future MTE related efforts
include the following:

¢ Continuation and/or extension of contracted

efforts to include AIL post-delivery support
for RADC.

5-1
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Investigation and definition of suitable closed-
loop techniques and procedures for adaptive oper-
ation of MTE.

Development of suitable solid-state time delay
devices to replace the present manually adjust-
able line stretchers.

Modification of the MTE to expand capability by
providing 32 tap operation.

Development of suitable electronic interface to
implement fully adaptive closed-loop operation

of the MTE.
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APPENDIX 1

SAMPLE COMPUTER RUN WITH
INPUT DATA
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APPENDIX 1:

SAMPLE RUN

This appendix includes a sample run of the program with the input data

R ARIL
1

ATTENUATAR

A=10.000
H=10, 000
A=10,000
A=10. 000
Hq=10, GO0
A=10. 000
A=10, 000
A=10.000
M = 0.000
B=10., 001}
B=10.000
B=10.000
B=10, 000
B=19. 00
E=10. 004
B=10. 000
B=10.000

0NN E Wiy~

OV AL WM

INITIAL SETTINGS AT

Initial

Attenuator

Settinas

I-2

entitled ADBPQ.

LINE TTRETOHER

1 A=
& A=
3 A=
4 A=
S A=
& A=
T oA=
8 A=

—

[N I O B O L (LR
ot oo by oot O oo o e

[T T T T (I

» . .

- L] - .
L R e R = B ) IR Y I T

T IR A Y RV RV AT N, AN
L 3
fu Fe de LA T T

STEP 9 ZHOULD EBE:

Initial
Line

Strecher

Settinas




SAMPLE RUN (continued

APPENDIX 1

ENTER THE FILE NAME

ALODO

(Attenuator in dB Units)

o "
2 04 = ™
+ = + =
wl + w +
0w vow
] o= )] 32
-t 0 o0 [\
[ 'yl - =
n ™ 0 -
. T3] . -
] . .
1
al ™
2 o = 0
+ = + =
w o+ W+
[ 37] w0 w
] - N +
I~ N8 - T
A [l . )
W n - 0
. [Ty ] . I~
] . .
[
7] ]
o nJ [} ™
+ ) + =
¥7] + w +
- w b w
T Y
e T Py u?
|’ -t g U
W T gl o4
. Ty} . of
] . .
I
0J ™
D) [x7] =] (3]
+ L= 4+ =]
+ W+
[J] YY) - w
) o ks -+
b wr T w
Dol -t [¥u] ()
w o h o
'l i . W
1
0J ™
o (] = )]
+ 0J = 4+ D
ws 4+ vy W 4™
R R EY R [OONE N VY e
NWo + Ve 4+
T OO W N S0 W
[ R N T [ e U]
"a Y R g U= 8
L RV R¥ O [y dihe i 4
b0 oy DATC T
. e . b o
. .
o) ! ™
o - Y= m [aa]
+ 0y o O =]
W+ WD+ s
M+ WS WD +wW=w
DedLTY e I Y AR, G VRN DO =
MYy W H-T o wm
G TR, R N T B I I TR
[T T VI AR s B, R, S OO
e M) T et U7 o °F P [ D
1 U s DUCEECN o I
. LYV | . [aal
| . .
!
I-3
v o DT + L SPEA TG RN 2 nzn 1. T T




APPENDIX 1 SAMPLE RUN (continued)

’ INTERMEDIATE ZETTINGE AT STEP 1 ARE:

ATTENURTOR

-
—
pr4
m

STRETCHER

1 A= 1,378 1 A= 2.3
2 A= 6,202 & A= 7.3
3 A= 2.51% 3 A= 2.3
3 A= F.935 4 A= 1.5
S A= 3,683 S5 A= 3.6
& A= .70S & A= 3.3
7 A= %, 3am 7 A= £.3
X A= 9,434 & A= 5.1

M o= 0,000 M= 4.1
1 B= 1,57z 1 k= L3
2 BT £.02% & E= 5.5
2 B= F,ERS 3 B= 5.0
4 B= 3,383 4 BE= 7.1
S E= %.707 S E= ;.0
& B= 2.324 & B= Z.3
7 B= 3.342 7 B= .3
3 E= 3,502 2 B= n.2

RFTER 0 ITERATIONT DIZTORTION AN NOT.EE COMFENZATED

RIL : STOP

Note: XD = 20 in $AT10 when generating input for this run.

In subsequent runs, XD = 40
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APPENDIX 2

PROGRAM TO GENERATE
TEST DATA
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This routine generates ideal sinusoidal distortion as the data file for the prearam,

oot
nang
nons
IRAERE
A0S
R
nony
aons
R
N n
natl
aute
XA S
nts
AR )
e
Wil
ey T
nnLs

nn4n
sl
nnde
s
0n4ds
a04s
B

APPENDIX 2. PROGRAM TO GENERATE TEST DATA

FTN3.L
FROSRAM ATLD

DIMENZION ITBUFZ(2Sas s [BUFZiESEY o MELF (2557
DIMENIIOH ID'E’ET&-.HHN&’--IE”er-.r--I IZEC
DIMENZIION LEUF L2292y « TEUFL (255

DIMEMZIION IDCEZ RT3 sNAML 30

ITVFE=Z
IZ7IZE=Z
T2I1ZEZr =1
THTH NHARM - 2 HD-;HHH.;HH <
DATA MAML - ZHAD SHO0SHE
SHLL CREAT LIDCESIERR«MAMOIZIZECITYPE)
CRLL CRERT (IDCEYCIERR«MAMI«ITIZESITYFED
H=2Sn
SD=3i,
Dl =220, -FLOAT (N~10
D "'r.l‘l‘._.
OO -0 Jd=1+h
=Dl eF L ORT C f=1 0
F=DioceFLORT T -1
=l o0t (TIMUKeR 131130, v =10 AN

SE=Cln, eet CTINCYSR, 1419 120,00 =10 2K
LELF: 1v=133et
WMEa SRS 2,
MELIF v =1 23eM
IF «MBUF (1% ,3E. 133y MELF v =127
MEIIF « Jt=2SHeMELF « I A
IFCLEBUF (v JEQL LSS LBIWF (=187
LEIWF =25k el BLF (Jda

20 ZONTIMUE
g zo I=tstes
IBLFO O] v =LERLF (I
IBFZ (1 +=MEBIUF ¢ I

ED] CONTINUE
00 30 k=1+133
TIBF L cka=LEBUF 1354k
TEUF Z kv =MLIUF (1 &2+4K)

410 COMTINUE
':HLL h_lF’ITF i IIH:'E" IEF’F" IEUF l:l »
CHLL WRITFAIDCEs IERFCIEUFL
CHLL WRITFC(IDIELTERK« TRIIFS
CAHLL WMRITFYIDCEL«IERRPS TELIF 2
CRULL CLOZECIDIETERR
CARLL CLOZE «IDCEL.IERRY
STOF
EMND

u ru_n
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This program generates a sinusoid with phase distortion only.

LIST+BTEST1::45
FTESTL T=00004 IS ON CROOD4S UTING 00005 BLKS R=03034 )

RWL3LD

nons
nnns
[E]
nons
AL
ooy
oS
OGNS
01
no11
wote
nnyz
R}
s
niaie
nnyy
af1s
aGils
nonsn
nnz1

nnze
2z
anze
unes
nouge
nozv
onss
Nz
DT
ozt

nNss

4

agze
e
NI

10

FTr4

FROGKAM TEST1
INTEGER IDCE(SVEI sNMAM (3> s TBUFNDZSE) s IBUF L (Z2S6) s LEUF (256
INTEGER IZIZE <2y )

ITYPE=2

M=258

ITIZE=E

ISIZECe»=128

CRHLL CREATCIDCEs IERR«MAM ISIZES ITYPED

DATA MAM- ZHRDSHO0s ZHYG ~

CALL CREARTCIDCESs IERRsNAMs [ZIZEITYPEY

Dx1=Z&0, -FLORT (N-12

0o 10 I=1«N

“1=Dx1eFLORT (I-12

=, e INIKleZ, 1415180, -42,

SIMCHeI 14151300

XA4=THRT (1+T2D
IFCT.ET. 0 Xd=-x4
O=T/ N4

IG=123. &3

NI=SORT (1. ~Heh)

Il=12Sex]

IFCII.GE. 187y II=127 )
IF C¢I1.LE.~1&% Il=-~123 1
IF (IR.GE.187» Ip=1&7

IF (IB.LE.-123) li=-128 [
IFCIT.LT. 0 II1=11+42%6 |
IF CIG.LT.0r IG=IG+355 ,
LEUF (I =2Ske]1+10 i
CONTINLE i
DO z0 J=1s128 !
IBLFOC )y =LERLUF .1

IELUFL ¢y =LERIIF (l+128) i
CONTINUE o
CHLL WRITF CIDCEs IERRs TBUFO) |
CALL WRITF CIDCEBs IERRs IRUFLD
CALL CLOSE CIDCEs IERRD

STOF
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he)
—
cb
2b
cc
o
w S
o o
“ L e
O Vo~
O
w E @
L O
—
a4
£ __ o~
0 O
v U -
- W
O v r—
LY cr= et
O G
—
Y]
(%)
1o}
Q)
| .
o
o
4
3
Q.
o
—

R R AT PR
e .% v

[

.
MERE I
o

i

DARY NERRTLRS I g gy
= Varar ey 0w
TN OO LN My e

Input for Case 2

et
:A‘no.—- (TR

REMEPEIE AEATIPA

STOF

CeINC IO By
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Input for Case 1: OQctal Fermat

sLIST«RDGOG
ADOOG T=0000& IS ON CROOODE USING 00002 ELKS R=

=
[
ni

FEC: 00003

gr4nnn 074400 074300 07400 OFS400 074400 674400 0750004
OFSO00 AFSO0N0 OFSO00 0TSO0 O7S000 075400 )7S400 I7S400e
NTS400 O7S400 DPSAN0 NDF7EQ00D OFe00) UFennn Ny nng aF¥eqine
OFEQND OF7R000 OFs40n O7E400 OFed00 N7E400 DFTEq400 OTE400e
GPEQ 0D GFe400 OFFO00 OF77000 OFT000 077000 OFTa00 oFTo0ne
GY2ang oevood OFT000 a7 7400 OFF400 77400 O7TI00 0774006
077400 QV7400 OF7400 7700 77400 47F400 OFTV400 ODTTS00e
OV7400 OFF400 OF7400 AFF400 077400 OFF400 7700 07Td00e
V7400 077400 OF7400 OFF400 GFTR00 Q77400 O7TI00 G774 00e
077400 0OFP7I00 077400 AFF400 4FV400 OFF400 LTTH400 0T T400e
N7F7400 O77400 077300 77400 A7 700 077400 Q7700 avTa00e
Q77000 077000 77000 OQF7000 OF7000 77000 OFT000 07eRddne
D7E4 D DFVednn 076400 D7Ed00 07ed0n OFeddn oFs000 O78ne
A7ANO0 OF7a000N O7a 000 OFVEO00 0T 00 0758400 O7VS400 17S400e
NPS400 O7S400 075400 O7SO00 aFS000 O7SOo00 O7Sa00 a7S000e

a7S000 474400 ATII00 074400 074400 J74400 74400 GFI000e
REC: n000g

O74000 O74000 074000 0NFI000 OF4000 0FI400 QFZ400 07T2400€
N72400 072400 O73400 073000 OFTZ2000 072000 OF7I000 OFZIa00e
73000 N72400 G72400 Q72400 07400 OFE400 07400 Q7400
Q72000 072000 OFe00n NFa&aa) Q72000 072000 Q72000 OFSaQce
071400 071400 071400 071400 071400 071400 071400 OF1400e
N71400 071400 OF1000 071000 071000 71000 71000 Q71000e
O71000 71000 271000 Q71000 071000 071000 071000 A71000e
Q71000 071000 071000 01000 071000 073000 OF1000 a71000e
o710 071000 7100 GF 1000 71000 o71000 Q71000 071000
071000 071000 071000 071000 71000 971000 071000 OF71000e
071000 O71000 AFL000 071000 071000 0714060 071400 OV1400e
071400 071400 071400 071400 071400 071400 O71400 OF2000e
72000 072000 07000 QFE000 NFe000 073000 7000 arsdiide
7400 N72400 072400 72400 N7S400 O72400 0730013 O7Z000e
072000 072000 072000 72000 073000 073400 073400 0VI4G0e
073400 072400 OD73400 DV4000 074000 074000 074000 OF4000e
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LISTsADDNY
T=00002 IS OM

RODN1

REC: 000Dy

NTA000
TSO00
OYenan
Aryang
NF7 000
av7a00
QT a0nn
NTeqnn
G700
NyrSand
74400
R SRR
avz4nan
Nn7z400
Oyz2400
074000

REC: 0

O740010
74400
a7esang
wes00n0
ny4401
074400
ne4000
7000
OFc4 00
n7za0in
N71400
N71000
071400
0714040
nved40u
a7z4a00

N74400
HYS400
NFE 00
NETanmn
NE7000
Oyasan
DETAO0
nyed i
Oyenan
OrsN0g
TG00
DO Y
0734040
a7 =300
N7 5400
(P S

RS

NFT4000
074400
Orsnnn
NS 000
w4400
urd400
et Xl
PBE2000
Ove40n
0ny140n
0riaun
nv1000
ne14an
aveonn
e YA
073400

Input for Case 2:

nT440n0
NysS400
Nyeqd i
D700
nTT400
D
NE TN
aVE40n0
Gre 0
CTE 00N
Ny 4300
Gy oo
erE400
07 410110
nyZ40n0
s YA

nr4d40n
0734010
0Esoann
NYSN00
074400
NS
0y atnn
nEESann
arednn
071400
ny1a0nn
071000
av1400
avennn
Nya40n
NerZ40n0

CROGOGE USING

Y4400
BEStnn
0700
DFETN00N
Ny 7aan
07000
DY T
DFE4 00
RS WY
UFESOnn
0743010
NS00
wy2gan
nEEd0n
DY =400
74000

nwa40in
74400
NEsn0n
DESaan
074400
74000
Ny 2400
NEI000
OFSngn
071400
71400
071000
NF1400
BrSoan
Oyesd0n
072400

Y43 0n
NS00
07 e300
U770
NV 74010
DA T
N7 7 0nn
N7edn
Orsd g
UFSOnn
NF44 010
i ST
072400
ayE4 00
U7F=30n
[ ST

074400
74400
AFs0ng
OFSa00
O = N0
0740010
NnEIL0n
NESann
OFe0Qn
ra & 1
D WETRTY
NyL000
Y1400
arcuan
nyE0n00

T YIS

I1-6

Octal

D7SG00
Oye o
0yeq00
DrTOG0
DNEF400
Y Faon
Dl FERR N
UEenos
it T
DES0LN
D XL
O7300g
s SEAY]
4y 3400
ny40nn
yar: S XY

e ]
Neda g
arysaag
NEsunn
Q74400
74000
Ny =400
ovesnn
NFSan
avi40n
NTInNnn
e B ]
Ny1400
UFennn
aysaun
N7$00

nogne BLKS

Format

N7S00n
Orenua
NTE4G 00
NEFT00ng
77400
NPT O00
NTE4 QD
O7EN00
Brsdan
Or4$nn
D D]
-y
Y SS00
N7y=4010
OV 00g
BYS00g

74400
0744010
nysaaq
nrsocn
OySG 00
e Y
0734400
OvE400
aFenog
DT 1400
nTI000n
Oy L000
0714010
Y2000
e
374000

k=0lce

nYsSunge
nTeNdle
N7 00e
U7 FN00e
N77400e
NY7000e
nredline
N7ainie
eSS e
NT44 0 e
U741 0e
73 diiisie
D24 00e
yzd0e
74 00ide
U700 0e

0744 00e
OrPSalne
UysSaQie
NEsSNnle
UV4d40ne
I74000e
N300 0e
n7edide
nyeante
07140 0e
Hryionne
a7id00e
0Y1d00e
oredine
O7Z000e
N74000e



v

Input for Case 3:

LIST«RDODY

&DO0g

T=00002 IS ON CROQOOE

REC: 0nono

D-'o =
nﬁ75.4

e eSS

061257
Ne1660
0616510
Ue1E80
fefeen
DEl1esD
06125y
ne12Se
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MISSION
of
Rome Avr Development Center

RADC plans and executes research, development, test and
delected acquisition programs in suppont of Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering suppont within areas of technical competence
48 provided to ESD Program Offices (POs) and other ESD
elements. The principal technical mission areas are _
communications, electromagnetic guidance and controf, sur-
veillance of ground and aerospace obfects, intelligence data
collection and handling, information system technology,
Aonosphenic propagation, solid state sclences, microwave
physics and efectronic neliability, maintainability and
compatibility.
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